We have previously reported the identification of a pancreata mitoxantrone-resistant cell population which expressed the ABCG2 transporter with a pancreatic stellate cells phenotype (PaSC) and ability of secreting insulin after inducing their differentiation. The characterization of the secretome of this cell population by two-dimensional electrophoresis (2D) coupled with mass spectrometry MALDI-TOF was able to identify seventy-six protein spots involved in different cellular processes: development/differentiation, proteases, immune response, and other. Moreover, Ingenuity Pathway Analysis displayed several significant networks and TGF 1 molecule was identified as a central node of one of them. The effect of this active molecule secreted in the conditioned medium was investigated in ductal cell line (ARIP). The results showed that the conditioned medium inhibited their proliferation without affecting their cell viability. Additionally, they showed an upregulation of PDX1 and downregulation of CK19. The rate of ARIP cell proliferation was recovered, but no effects on the gene expression were observed after using TGF 1-neutralising antibody. Proteins associated with cell growth, development and differentiation such as PEDF, LIF, and Wnt5b, identified in the secretome, could be involved in the observed transcription changes. These finding may suggest a new paracrine action of PaSCs involved in the proliferation and differentiation pathways not yet identified.
Introduction
Pancreatic stellate cells (PaSC) were first described in 1998 and constitute nearly 4% of total pancreatic cells [1] . PaSCs are located in the periacinar space and can also be found in the periductal regions of the pancreas [2] . These cells have long cytoplasmatic processes resulting in a typical "stellate" appearance. They share morphological and functional characteristics with the hepatic stellate cells and can present different phenotypes: quiescent cells, with capacity to storage vitamin A, and active cells, also so-called myofibroblast-like cells. The active phenotype expresses alpha actin (aSMA), desmin, glial fibrillary acidic protein (GFAP), ABCG2, and NCAM. These latter two markers are expressed in rat and human hepatic stellate cells, and several studies demonstrate that NCAM is involved in the transformation of these cells in myofibroblasts and modulates the adhesive property of cell adhesion [3] , and ABCG2 transporter is associated with cell viability and/or activation [4] . They can be useful to select PaSC with a myofibroblast phenotype. Moreover, several studies demonstrated that the soluble factors secreted by PaSCs with active phenotype, which are increased in areas 2 ISRN Cell Biology of pancreatic injury, play an important role in pancreas physiology, development of pancreatic fibrosis [5] , antigen presentation, phagocytosis phenomena [6] , and matrix turnover processes [7] .
It is known that endocrine pancreatic tissue is able to regenerate in several species of mammals, including humans. Several studies support the hypothesis that this islet neogenesis in the mature pancreas occurs via cells which are located in or which are associated with the ductal epithelium. Ductal cells have the capacity to transdifferentiate into insulin producing cells, both in animal models and humans [8] [9] [10] [11] . The role of surrounding cells may be important in maintaining their cellular niche, giving them the necessary factors to start the transdifferentiation process. Considering that PaSCs are also present in the same niche as ductal cells, for instance, periacinar and periductal regions, it is likely that PaSC secreted factors could have effects on neighbouring cells, as well as on the putative pancreatic progenitors.
The present study was designed to characterize the secretome of mitoxantrone-resistant cells obtained from lactating rats pancreata expressing the ABCG2 transporter and NCAM markers, with a PaSC phenotype (PaSCs-ABCG2(+)) and ability to secrete insulin after differentiation [12] .
Materials and Methods

Primary Cell Culture of Mitoxantrone-Resistant Cells Expressing Active Pancreatic Stellate Cells Phenotype Obtained by Drug Section and Enriched by PSA-NCAM Immunopanning Technique.
All animal experimental proceeds were approved by the Institutional Animal Care and Use Committee of the IDIBAPS Research Institute, Barcelona, Spain. Fresh pancreata were removed from lactating rats and digested with collagenase to obtain a primary cell culture. This culture was grown in Dulbecco's Modified Eagle Medium (DMEM) (Gibco-BRL, Gaithersburg, MD, USA) (25 mM of glucose) supplemented with 10% fetal calf serum (FCS), and 100 U/mL of penicillin and mitoxantrone drug at 8 M (Sigma-Aldrich St. Louis, MO, USA) was added to the medium. This drug acts through multidrug transporter systems and permits the selection of cells which express the ABCG2 transporter, as described by Mato et al. [12] . The culture was maintained at 37 ∘ C in a humidified atmosphere containing 5% CO 2 and was expanded and the active pancreatic stellate cell phenotype was checked by immunocharacterization (alpha-actin, vimentin, desmin, chromogranin A, GFAP, and NCAM), RT-PCR expression (ABCG2), or oilred staining as described by Mato et al. [12] . It is known that in mammals, PSA-NCAM is involved in the development of the nervous system and in tissue remodeling [13] and it also can induce proliferation in activated pancreatic stellate cells. In order to enrich active stellate cells fraction in our primary culture, we performed immunopanning as previously described by Ben-Hur et al. [14] using the sialylatedneural adhesion molecule isoform of NCAM (PSA-NCAM). Petridishes (Falcon Optilux) were first coated with secondary antibody IgM (Sigma-Aldrich) at 1 : 128 in 50 mM Tris-HCl buffer, pH 9.5, for 18 hours at 4 ∘ C. The plates were then washed three times in PBS and coated with anti-PSA-NCAM antibody (USBiological, Swampscott, MA, USA) at 1 : 250 dilution in PBS with 0.2% BSA at room temperature for at least 1 hour. Cells were plated at 1 × 10 6 cells/100 mm dish coated for PSA-immunopanning and were allowed to bind at 37 ∘ C for 30 minutes. Nonadherent cells, so-called negative fraction, were washed off extensively to discard them. The adherent cells corresponded to the positive fraction that expressed that PSA-NCAM were trypsinised, washed three times, and resuspended in fresh DMEM-F12, and a second PSA-NCAM immunopanning was redone. Before using the positive fraction of the cell in different experiments, the pancreatic stellate cell phenotype was confirmed by immunocytochemistry and flow cytometry each time. After the second immunopanning (positive PSA-NCAM fraction) conditioned media from active PaSCs-ABCG2(+) were collected every 48 hours and frozen at −80 ∘ C until used for subsequent analysis. For proteome analysis, conditioned media were collected as described: active PaSCs-ABCG2(+) cells were washed 3 times in PBS and cultured in serum-free media for 24 hours. This media was collected and centrifuged at 5000 g for 10 minutes to remove cell debris, after which the supernatant was frozen at −80 ∘ C until use.
Flow Cytometry.
One million PBS-washed cells were resuspended in 875 L of cold PBS. Then, 125 L of cold 2% formaldehyde solution was added and the mixture was immediately vortexed for a brief period. The suspension was incubated for 1 hour at 4 ∘ C and centrifuged for 5 minutes at 250 g, after which the supernatant was removed. The pellet was gently resuspended in 1 mL of cold blocking solution (0.2% BSA in PBS), and the mixture was incubated for 1 hour at 4 ∘ C. One mL of buffer was added and the suspension was spun down for 5 minutes at 250 g. The supernatant was removed, and 50 L of primary antibody PSA-NCAM (USBiological) was added at a dilution 1 : 10 in blocking solution. The sample was incubated overnight at 4 ∘ C in the dark, washed twice with 1 mL of PBS by centrifugation at 250 g for 5 minutes, and resuspended in 500 L of secondary antibody (IgM, Sigma-Aldrich) at a dilution 1 : 128 in blocking solution. After 1 hour of incubation at 4 ∘ C, samples were washed twice with 1 mL of PBS by centrifugation at 250 g for 5 minutes and resuspended in 500 L of PBS. The labelled cells were analysed on a FACS Calibur (BD, San Jose, CA, USA) by acquisition of 10,000 gated events. Data was stored as listmode files and analysed with CellQuest (BD) and Summit Workstation software.
ARIP Cell
Culture and Treatment. ARIP cell line were obtained from ATCC (CRL-1674 clon) and cultured in ARIP media: DMEM 24 mM glucose plus glutamine, nonessential amino acids, 100 U/mL of penicillin, and 10% FCS. Cells were treated with PaSC conditioned media for 24 or 72 hours. DMEM/F12 (8 mM glucose) supplemented with 10% FCS (PaSCs ABCG2(+) media) were used as basal media. All the experiments were performed using low passages from 16 to 19 of the cell culture.
Proliferation and Viability
Assays. ARIP cells were seeded in 96-well tissue culture plates at a density of 50,000 cells/well ISRN Cell Biology 3 and incubated for 24 hours until adherence. Cells were then incubated in serum-free DMEM overnight and exposed to 15% FCS for 24 hours. Cells were either treated with pan TGF 20 g/mL (R&D Systems, Minneapolis, MN, USA), TGF 1 10 ng/mL (R&D Systems), or nonimmune IgG 20 g/mL (Dako, Glostrup, Denmark), with the final 4 hours in the presence of 10 M BrdU. BrdU incorporation into ARIP cell DNA was assessed by measuring the absorbance at 450 nm, following cell proliferation ELISA kits instructions (Roche, Penzberg, Germany).
To conduct the viability assays, ARIP cells were seeded in 96-well tissue culture plates at a density of 50,000 cells/well and incubated for 24 hours until adherence. Cells were then incubated in serum-free DMEM overnight and exposed to 15% FCS for 24 hours, with the final 2 hours in the presence of 0.5 mg/mL MTT (Sigma-Aldrich, St. Louis, Missouri). Finally, 115 L of isopropanol plus 0.04 N HCl was added, samples were mixed well to dissolve crystals, and absorbance was measured at 575 nm.
RT-PCR.
Total RNA was extracted from ARIP cultures using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). To remove genomic DNA contamination, samples were treated with DNase I (Invitrogen), following the manufacturer's instructions. In addition, DNA-PCR without RT was included as a control. One g of total RNA was reverse transcribed in a buffer solution containing 25 nmol/L MgCl 2 , 100 mmol/L Tris (pH 8.3), 500 mmol/L KCl, RNAguard 39 U/mL (Pharmacia, Uppsala, Sweden), M-MLV-RT 200 U/mL (Gibco, Uxbridge, UK), 10 mmol/L deoxynucleotide triphosphate(s), and random hexamer priming d(N6)5 PO4 (Pharmacia). Complementary DNA (cDNA) was stored at −80 ∘ C until use. All PCRs were performed using 35 cycles. PCR products were visualised with 1% agarose gel electrophoresis and ethidium bromide staining.
Real-Time PCR.
Real-time PCR was performed using the double stranded DNA binding dye Power SYBR Green PCR Master Mix using the ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, California, USA). The sequences of primers used in this study are described in Table 1 . A standard curve was generated from five serial dilutions of ARIP cDNA for CK19 and INS1E cDNA for PDX1. Samples were analysed in triplicate, negative controls were included, and PCR products were verified using dissociation curve analysis immediately after RT-PCR. Expressions of all target genes were determined by normalising the respective TATA Binding Protein (TBP) levels as a housekeeping gene. Results were analysed using SDS2.1 software (Applied Biosystems).
The oligonucleotide sequences used for PCR and realtime PCR amplification are summarised in Table 1 .
2.7.
Immunocharacterization of PDX1 and CK19. ARIP cells were plated in 8-well chamber slides (LAB-TEK, Campbell, CA, USA). After treatment with control or conditioned media for 72 hours, cells were fixed in 4% paraformaldehyde. They were then blocked for 10 minutes at room temperature in 1% BSA and then permeabilized with buffer containing 1% BSA and 0.2% saponin for 30 minutes at room temperature. Primary antibodies (PDX1-1 : 100, Santa Cruz, Santa Cruz, CA, USA; CK19-1 : 500, Dako) were diluted in fresh blocking solution, and the slides were then incubated overnight at 4 ∘ C following standard protocols. The reaction was visualised with a fluorescent secondary antibody (1 : 1000) under a Leica fluorescence microscope. 1% BSA was used instead of primary antibodies for control slides.
Characterisation of the Secreted Proteins from the
Active PaSC-ABCG2(+) Conditioned Media. Conditioned media and serum-free conditioned media were collected as described before. Culture media alone (basal) were used as a blank and were also incubated without cells during 24 hours and collected. Centricon Amicon (Millipore, MA, USA) centrifugal filters with a 10 KDa molecular weight cutoff were used to concentrate conditioned media from 10 mL to 200 L, following the manufacturer's instructions. Proteins were precipitated using the 2D Clean Up Kit (GE Healthcare, United Kingdom) and were resuspended in a solution containing Tris (30 mM), urea (7 M), thiourea (2 M), and CHAPS (4%) compatible with first dimension isoelectric focusing (IEF). Protein content was quantified using the RC DC protein assay kit (BioRad, Hercules, CA, USA) based on the Lowry assay.
Protein extracts (100 g) were separated using IPG strips of pH 3-10 (17 cm, BioRad). Two-dimensional electrophoresis was carried out [15] . Briefly, isoelectric focusing was performed in Protean IEF Cell (Biorad) at 62 kVh and second dimension SDS-PAGE were run by overlaying the strips on 12% acrylamide home-made gels. Proteins were visualised using a MS compatible silver stain [16] . Gels were calibrated using MW and pI standards (Biorad). Differential expression of proteins from blank, conditioned media and serum-free conditioned media were analysed using Melanie-III software (BioRad). First, conditioned media and serumfree conditioned media were compared to ensure that serum was not affecting the secretome pattern. Proteins present in the conditioned media (both serum and serum-free), but absent in blank media, were considered as PaSC secreted. Secreted proteins were excised from serum-free conditioned media gels ( = 5), silver destained and in-gel digested with trypsin (Promega, Madison, WI, USA) 37 ∘ C overnight. Peptide extraction was performed and Zip-Tip concentrating and desalting was done [17] . Peptides were analysed by MALDI-TOF MS and proteins were identified by peptide mass fingerprinting [18] .
Amino Acid Sequence Search for Features of Secreted
Proteins. The amino acid sequence of the identified proteins was analysed with SecretomeP 2.0 Server. SignalP 3.0, which predicts the presence and location of signal peptide cleavage sites in the N-terminal part (first 70 residues), identified proteins secreted via the classical pathway [19] . If no signal peptide was predicted, but the Neural Network score exceeded a value of 0.5, proteins were classified as secreted via the nonclassical pathways. SignalP 3.0 has been used to identify secreted proteins in other secretome studies [20, 21] . In the first washing of three times with PBS 0.05% Tween 20, the plate was blocked with PBS containing 5% Tween 20 and 5% sucrose for 1 hour. In the second washing of three times with PBS 0.05% Tween 20, 100 L of samples (conditioned media) and dilutions of standards of recombinant human TGF 1 (R&D Systems) were added and incubated for 2 hours at room temperature.
In the third washing of three times with PBS 0.05% Tween 20, 100 L of detection antibody biotinylated anti-TGF 1 (R&D Systems) at 400 ng/mL was added and incubated 2 hours at room temperature. In the fourth washing of three times with PBS 0.05% Tween 20, 100 L of streptavidin HRP was added for 20 minutes at room temperature. In the final washing of three times with PBS 0.05% Tween 20, 100 L of substrate solution was added for 30 minutes, avoiding placing the plate in direct light. 50 L of 1 M H 2 SO 4 was added to each well and absorbance was measured at 450 nm.
Statistical Analysis.
Results are expressed as mean ± SEM; represents the number of individual PaSC-ABCG2+ preparations. The statistical significance of the differences between groups was estimated using Student's unpairedtest; * indicate statistical significance with < 0.05.
Results
Immunopanning PSA-NCAM Enrichment from PaSC-ABCG2(+) Primary
Culture. Flow cytometry PSA-NCAM analysis of mitoxantrone-resistant cells maintained in the basal cell culture condition described before showed a 36% of positivity for this marker. In order to conduct the secretome analysis, we enriched the cell population for polysialylated isoforms of the neural cell adhesion molecule (PSA-NCAM) by immunopanning technique, showing an increase of 57% of PSA-NCAM positivity in the first immunopaning up to 80% when the second immunopanning was redone. Then we confirm the active pancreatic stellate phenotype by immunocharacterization and ABCG2 expression each time (data not shown).
Secretome Analysis of PaSC-ABCG2(+).
Conditioned media were prepared from active PaSC-ABCG2(+) cultured in serum-free conditions and subjected to 2-dimensional gel electrophoresis and silver staining. A preliminary study showed no differences in the secretion pattern between conditioned media and serum-free conditioned media. We decided to use serum-free conditioned media in order to eliminate serum-derived proteins from the media and to potentiate the less abundant proteins secreted from this cell population. The conditioned media 2D gels displayed a mean of 112 protein spots, which were selected for trypsin digestion and mass spectrometry MALDI-TOF analysis, and 76 spots were identified. Proteins along with Swiss-Prot accession number, annotations regarding prediction of secretion, and information related to peptide mass fingerprinting identification are listed in Table 2 . Functional categories of the identified protein were proteolysis and related proteins, structural and cytoskeleton proteins, associated with cell growth, development, and differentiation, chaperones, metabolism, transport proteins, GTPase-related proteins, immune response, extracellular matrix and related proteins, and retinol related proteins. The identified proteins were analysed with SignalP V3 software which has been used to predict potential protein secretion [20, 21] . Sixty-one percent of the proteins were predicted to 6 ISRN Cell Biology be secreted, either via classical pathways, that is, endoplasmic reticulum/Golgi-dependent pathway (contained a signal peptide), or via nonclassical pathways (without signal peptide, but with a Neural Network score superior than 0.5) ( Table 2 ). The rest of the proteins were not predicted to be secreted by the current available software. However, we cannot exclude secretion via undescribed nonclassical mechanisms. Overall, we detected 37 soluble factors with a described secretion signature. Further analyses were performed by RT-PCR on a subset of candidate proteins in order to confirm the results obtained from proteomic analysis. For instance, we verified the identity of those factors relevant for their biological function and the ones that were identified as a gender different from rats. The proteins confirmed that the RNA levels are included in Figure 1(b) . Among these proteins were some novel findings, including serpin family member PEDF, Wnt5b, and LIF. They were reported for the first time to be secreted by PaSC-ABCG2(+).
Secretome Network Analysis.
To gain further insight into the potential functions of PaSC-ABCG2(+) secretome, we conducted proteomic data mining by Ingenuity Pathway Analysis 3.0 (Ingenuity Systems). Proteins identified in the secretome were submitted as "focus proteins" and were mapped onto the Ingenuity Pathways Knowledge Base, which is a database containing important curated information of interactions between genes, proteins, and other biological molecules. Our analysis rendered three main networks (Figures 2(a), 2(b), and 2(c) ). Abbreviations of all the proteins used by the software are summarised in Table 3 . The scores for all of the mapped networks were higher than 19, indicating that the networks selected were not due to random chance alone. These networks were associated with the following functions: cellular assembly and organisation (network 1, score 27, 15 focused proteins), tissue development (network 2, score 27, 15 focus proteins), cell-to-cell signalling and interaction, and cellular growth and proliferation (network 3, score 22, 13 focus proteins). The first scored network (Figure 2(a) ) highlighted TGF 1 as a nonfocused protein (included by the software to complete the network), which is located as a central node of the network.
The second and third scored networks obtained from Ingenuity Pathways are represented in Figures 2(b) and 2(c) . Most of the factors implicated in development and differentiation processes are located in the extracellular compartment, with capacity to interact with the neighbouring cells. These soluble factors include SPARC, MMP2, PEDF, Wnt5b and collagens in the second network (Figure 2(b) ), and LIF, which is also a secreted factor clustered in the third network ( Figure  2(c) ).
TGF 1 Detection and Their Role in Cell Proliferation
. TGF 1 was a central protein highlighted in our secretome network (Figure 2(a) ), and thus we decided to explore if this factor was present in our conditioned media. ELISA immunoassay of the conditioned media revealed that PaSC-ABCG2(+) secreted active TGF 1 at the concentration of 48.95 ± 5.18 pg/mL ( = 10) (Figure 3(a) ). Our results were in agreement with previous reports [22, 23] .
TGF 1 has a potent growth inhibitor capacity described in most cell types [24, 25] and is also capable of inducing Epithelial to Mesenchymal Transitions (EMT) in a variety of epithelial cells [26] . After detecting TGF 1 in the PaSC-ABCG2(+) conditioned media, we wanted to explore if this molecule had antiproliferative effects in ductal cell line (ARIP cells). In order to conduct these experiments, first we explore to see whether this cellular model has the capacity to respond to the TFG 1 signal. The analysis of TGF receptors (type I, type II, and type III) in ARIP cells showed that expression of these receptors when cells was cultured with basal medium or with PaSC-ABCG2(+) conditioned medium (Figure 3(b) ).
PaSC-ABCG2(+) Conditioned Media Inhibits Ductal Cell
Proliferation without Altering Viability. In order to evaluate the effects of the conditioned medium in ARIP cells, we treated them during 24 hours and analysed the proliferation ratio by BrdU and their viability by MTT. The results showed that the rate of proliferation of ARIP cells treated with PaSC ABCG2(+) conditioned media was significantly reduced (40.3% ± 0.07 relative to basal media no conditioned < 0.01, = 4, Figure 4(a) ). In order to test the specificity of conditioned media, we cultured ARIP cells with conditioned media collected from other cell lines, endocrine TC and ductal mPAC, and we found that proliferation rate was not modified (data not shown). In addition, ARIP cell viability was not affected by PaSC-ABCG2(+) conditioned media (MTT test, data not shown). The conditioned media also significantly reduced proliferation in other cell lines used as controls: AR42J and MIN6 (data not shown). The results indicated that specific soluble factors secreted by these cells had effects on ARIP proliferation without altering cell viability. In order to check if TGF 1 was implicated in the antiproliferative effects of PaSC-ABCG2(+) secretome on ARIP cells, we blocked TGF 1 from the conditioned media with a pan TGF antibody capable of neutralising its effects (Figure 3(c) ). Adding pan-neutralising antibody to the conditioned media returned the rate of proliferation to the basal level. As a positive control, we added exogenous TGF 1 (10 ng/mL) to the basal media, which significantly reduced the rate of proliferation ( < 0.05), mimicking the effects of the stellate conditioned media. Exogenous TGF 1 can also be blocked by pan TGF antibody, which returned the rate of proliferation to basal levels. Nonimmune IgG at 20 g/mL was used as control of exogenous antibody and its addition caused no modifications on the proliferation rate. Moreover, none of these treatments caused effects on cell viability, evaluated by MTT test (data not shown). These experiments confirmed the implication of TGF 1 secreted by stellate cells in the inhibition of the proliferation observed. 
PaSC-ABCG2(+) Conditioned Media Modify CK19 and PDX1 Expression on Ductal Cell Line.
Given the association between reducing cell proliferation and inducing differentiation, we decided to explore if PaSC-ABCG2(+) conditioned media produced changes in ARIP gene expression. The results showed that treatment with conditioned media during 72 hours caused a decrease of the ductal marker CK19, as detected by immunocytochemistry (Figure 4(b) ). Quantitative real-time PCR indicated that conditioned media elicited a 0.48±0.05-fold decrease in CK19 mRNA expression ( = 6, < 0.05, Figure 4 (c)). These results indicate that PaSC-ABCG2(+) conditioned media are able to induce changes in transcription of endogenous ARIP gene CK19.
One of the most critical genes involved in endocrine differentiation and beta cell phenotype maintenance is the transcription factor PDX1. In order to check if PaSC-ABCG2(+) conditioned media was able to modify PDX1 expression in this cellular model, first we evaluated the basal level of this transcription factor both at the protein and mRNA levels. We observed an increase of PDX1 when we treated them with PaSC-ABCG2(+) conditioned media (Figure 4(b) ). Quantitative real-time PCR indicated that conditioned media treatment increased 5.38-fold ± 0.7 PDX1 mRNA basal expression ( = 6, < 0.05, Figure 4(d) ). To determine if TGF 1 had a role in increasing PDX1 mRNA levels in ARIP cells treated with PaSC-ABCG2(+) conditioned media, we used the pan-neutralising TGF in the conditioned media during 72 hours. The blocking antibody did not reduce significantly PDX1 induction caused by the conditioned media. Moreover, the addition of exogenous (2) . mRNA levels present in cells treated with basal media were taken as reference and values were normalised to TBP mRNA levels. Bars indicate the SEM of three independent experiments performed in duplicate.
* indicate statistical significance with < 0.05. TGB 1 (10 ng/mL) to the control media for 72 hours did not induce PDX1 mRNA increased expression in ARIP cells (Figure 3(d) ).These results indicate that TGF 1 is not apparently involved in PDX1 increased expression of ARIPconditioned cells.
Discussion
Hepatic stellate cells (HpSC) are morphologically and functionally similar to PaSC. Thus, most of the previous studies on stellate cells in the liver predict similar effects of stellate cells in the pancreas [27] . These two cell types have been compared at a transcriptional level, exhibiting organ-specific variations of a common transcriptional phenotype [27] . In the liver, activated stellate cells are known to influence the growth and proliferation of other liver cell types, particularly hepatocytes through paracrine effects [28, 29] . HpSC-derived Keratinocyte Growth Factor is thought to enhance liver regeneration and/or hepatocyte survival in patients with chronic liver disease [30] . Other reports indicate that coculture of HpSC with hepatocytes can preserve some aspects of hepatocyte function [31] . Stellate cells' effects on inducing differentiation have been described previously in liver; for instance, coculture of HpSC with stem cells gives rise to hepatocytes [32] . At present, there is no report of similar effects in the pancreas. Adult stem cells in the pancreas have not been localised yet, but there is some evidence of their ductal residence (transdifferentiation of ductal cells or remanent stem cells of the duct) [9, 33, 34] . Multiple secreted factors from PaSC, which are located in periacinar and periductal, could have a key contribution in maintaining the ductal niche. Our results indicate that soluble factors secreted by PaSC-ABCG2(+) can inhibit ductal proliferation, as they are also able of inducing changes of gene expression in ductal cells (decrease of the endogenous gene CK19 and increase of the endocrine transcription factor PDX1).
The proteomic approach using Ingenuity Pathway Analysis 3.0 conducted in PaSC-ABCG2(+) conditioned media predicted three main networks. One of them shed light on TGF 1 as a non-focused protein. This factor was not detected in 2D gels due to its low molecular weight (12 kDa), which was too small for the resolution of the gels used in the analysis. Alternatively, TGF 1 was detected by ELISA immunoassay. Using this technique, the results revealed that the levels of active TGF 1 secreted to the conditioned media are similar to the ones described by other primary cultures of PaSCs [22, 35] . It is known that the secretion of this protein is involved in the profibrogenic role of PaSC [36, 37] . Moreover, TGF 1 induces the transformation of PaSC to myofibroblasts (as evidenced by increased SMA expression) [38] , and it also controls PaSC growth in an autocrine manner [39] . Our study demonstrated the capacity of the conditioned media obtained from PaSC culture to inhibit proliferation of the ARIP cell line and other cell lines, such as AR42J and MIN6, which were used as controls (data not shown). We identified TGF 1 as the main inhibitor of the ARIP proliferation.
Because cell proliferation arrest is generally accompanied by an increase in cell differentiation, we analysed ARIP gene expression. Our results demonstrated changes in CK19 and PDX1 on ARIP-conditioned cells; therefore we tried to identify the molecule involved in PDX1-increased expression (which is a transcription factor involved in endocrine differentiation). Our first goal was to explore TGF 1, based on previous studies that suggest a role of this factor in some differentiative processes [40, 41] , including determination of pancreatic development [42, 43] . However, we were unable to demonstrate the role of TGF 1 on PDX1-enhanced expression in ARIP cells that have stopped proliferating, thus indicating that other soluble factors in the secretome had the capacity to modify PDX1 expression.
The second network also predicted by Ingenuity included serpinf1 as a focus protein, also known as PEDF. This factor is involved in neurotrophic activity [44] [45] [46] , and it has recently been involved in neural stem cell renewal as a niche signal [47] . It has been detected in the lung, the heart, and the liver, but its expression is nearly undetectable in the pancreas [48] . It was also interesting to find that this network also included a member of the Wingless family (Wnt5b). The WNT genes have been reported to play a pivotal role in embryonic development and oncogenesis; the isoform Wnt5b is expressed in the exocrine pancreas and upregulated in adipocyte differentiation [49, 50] . SPARC (secreted protein acidic and rich in cysteine), an extracellular Ca-binding glycoprotein associated with the morphogenesis and remodelling of various tissues [51] , and MMP2 (matrix metalloproteinase-2), important metalloproteinase that has the capacity to activate TGF 1 [52] , were also present as focus proteins in the second network. These proteins from our secretome (focus proteins) act as central nodes of the network, with described interactions between them.
Finally, the last network predicted highlights LIF, which has been described to induce astrocyte differentiation [53, 54] and is capable of generating insulin-producing beta cells from adult exocrine pancreatic cells in combination with EGF [55] . In this secretome we have found proteins associated with cell growth, development, and differentiation, which contain the novel findings PEDF, LIF, and Wnt5b. The data presented in our study provide a significant new proteinlevel insight into the secretome of active PaSCs-ABCG2(+). Some of these proteins may have potentially great influence on the physiology of the stellate cells themselves and/or of neighbouring cells. Further studies are required to determine a potential role of these factors in the PaSC-ABCG2(+) effects on ductal cells.
The type of secretion of the soluble factors analysed by SecretomeP indicated that 70% had a predicted signal peptide and 30% were secreted via nonclassical pathways which could involve membrane blebbing, exosomes, plasma membrane resident transporters, or lysosomal secretion [56] . Any of the secreted factors could be the potential candidates to exert the effects of the PaSC-ABCG2(+) conditioned media. The most abundant family of secreted factors is the extracellular matrix and related proteins, which coincides with the main function of PaSC (remodellation extracellular matrix remodeling and turnover). This family includes perlecan and collagens, components of the extracellular matrix which contribute to the creation of a microenvironment around PaSC acting as a pool of cytokines and growth factors. It should be noted that not all the proteins identified in our study are known to be secreted. The ones, which have no evidence of secretion, may originate from the minority of cells that die or are otherwise disrupted during the washing and harvesting steps of the procedure and also possibly secreted by unknown mechanisms. This is a common issue in proteomic analysis performed on secretome from primary cell cultures. Most of these proteins were derived from the intracellular compartment characteristic of the stellate phenotype and should be useful for their characterisation. Moreover, some of the proteins identified in the secretome were previously described to be secreted by hepatic stellate cells, such as SPARC, MMP2, cathepsin B, and collagens. The structural ones (calreticulin, -enolase, and vimentin) were also present in the study of hepatic stellate cells [56] , and they were confirmed as the stellate phenotype in our study.
In summary, we have described new soluble factors secreted by PaSC-ABCG2(+) cell population. The characterization of this secretome opens a new field of research involved in paracrine actions, such as inhibition of the proliferation and differentiation promotion in the ductal cell model.
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